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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an alternator
driven by an internal combustion engine, for example,
and relates to an automotive alternator mounted to an
automotive vehicle such as a passenger car or a truck,
for example.

2. Description of the Related Art

[0002] Figure 20 is a cross section of a conventional
automotive alternator, and Figure 21 is a perspective of
a stator in Figure 20.

[0003] This alternator includes: a case 3 composed of
an aluminum front bracket 1 and an aluminum rear brack-
et 2; a shaft 6 disposed within the case 3 having a pulley
4 secured to a first end thereof; a Lundell-type rotor 107
secured to the shaft 6; fans 105a and 105b secured to
both axial end surfaces of the rotor 107; a stator 108
secured to an inner wall within the case 3; slip rings 9
secured to a second end of the shaft 6 for supplying elec-
tric current to the rotor 107; a pair of brushes 10 sliding
on surfaces of the slip rings 9; brush holders 11 accom-
modating the brushes 10; rectifiers 12 electrically con-
nected to the stator 108 for converting alternating current
generated in the stator 108 into direct current; and a reg-
ulator 18 fitted over the brush holder 11 for adjusting the
magnitude of the alternating voltage generated in the sta-
tor 108.

[0004] The rotor 107 includes a rotor coil 13 for gen-
erating magnetic flux on passage of electric current, and
a pole core 14 disposed so as to cover the rotor coil 13,
magnetic poles being produced in the pole core 14 by
the magnetic flux. The pole core 14 includes a first pole
core portion 121 and a second pole core portion 122
which intermesh with each other. The first pole core por-
tion 121 and the second pole core portion 122 are made
of iron and include disk portions 201 and 202 which are
perpendicular to an axial direction, tapered claw-shaped
magnetic poles 123 and 124 extending axially from the
disk portions 201 and 202 in opposite directions to each
other, and a cylindrical portion 200 connecting the disk
portions 201 and 202 to each other, the circumference
of the cylindrical portion 200 being covered by the rotor
coil 13.

[0005] Figure 22 is a perspective of the stator 108 in
Figure 20, Figure 23 is a perspective of a stator core 115
in Figure 22, and Figure 24 is a partial plan of the stator
core 115.

[0006] The stator 108 includes a stator core 115 for
passage of a rotating magnetic field from the rotor coil
13, the stator core being formed by laminating a number
of steel plates, and a stator winding 116 through which
an output current flows. The stator core 115 includes an
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annular core back 82, a number of teeth 81 extending
radially inwards from the core back 82 at an even pitch
in a circumferential direction. The stator winding 116 is
housed in a total of thirty-six slots 83 formed between
adjacent teeth 81. The teeth include end portions 85 pro-
jecting in a circumferential direction of the stator 108, and
post portions 86 connecting the end portions 85 to the
core back 82. Spaces called opening portions 84 are
formed between the end portions 85 of adjacent teeth 81.
[0007] In the automotive alternator of the above con-
struction, electric current is supplied from a battery (not
shown) through the brushes 10 and the slip rings 9 to the
rotor coil 13, generating magnetic flux and giving rise to
a magnetic field. At the same time, since the pulley 4 is
driven by the engine and the rotor 107 is rotated by the
shaft 6, a rotating magnetic field is applied to the stator
core 115, generating electromotive force in the stator
winding 116 and an output current is generated by an
external load connected to the automotive alternator.
[0008] Now, the flux A generated by the rotor coil 13
leaves thefirst pole core portion 121, which is magnetized
with north-seeking (N) poles, crosses an air gap between
the rotor 107 and the stator 108, and enters the teeth 81
of the stator core 115. This magnetic flux A then passes
through the core back 82, and flows from adjacent teeth
across the air gap to the second pole core portion 122,
which is magnetized with south-seeking (S) poles.
[0009] Theamountofflux, which determinesthe output
of the alternator, is itself determined by the magnetomo-
tive force of the rotating magnetic field from the rotor 107
and magnetic resistance of the above magnetic circuit
followed by the magnetic flux A. Consequently, if the
magnetomotive force is constant, then it is important to
shape this magnetic circuit to have the least resistance.
[0010] Furthermore, in order to improve the magneto-
motive force, itis necessary to increase AT (the field cur-
rent | multiplied by the number of turns n of conductor in
the rotor coil 13), but AT is determined by installation
space for the rotor coil 13 inside the pole core 114. When
the overall size of the rotor 107 is limited, it becomes
necessary to reduce the cross-sectional area of the mag-
netic path through the pole core 114 in exchange for in-
creases in installation space for the rotor coil 13, and as
a result the above-mentioned magnetic resistance in-
creases, reducing the amount of magnetic flux passing
through the pole core 114, and the magnetomotive force
does not increase.

[0011] If one attempts to increase the magnetomotive
force by increasing the field current | while keeping the
cross-sectional area s of the conductor and the number
of turns n constant, the temperature of the rotor coil 13
increases due to copper loss in the rotor coil 13, and the
resistance of the conductor in the rotor coil 13 rises due
to the increase in temperature, reducing the field current
I, and the magnetomotive force does not increase after
all.

[0012] On the other hand, as shown in Figure 25, Jap-
anese Patent Laid-Open No. HEI 11-164499 discloses
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an alternator aimed at increasing magnetomotive force
by setting a ratio L1/L2 between an axial length L1 of the
stator core 115 and an axial length L2 of the cylindrical
portion 200 within a range of 1.25 to 1.75, placing the
disk portions 201 and 202 opposite the stator core 115
so that the magnetic flux A flows directly from the disk
portions 201 and 202 to the stator core 115, thereby in-
creasing the cross-sectional area of the magnetic path
through the pole core 114, and setting a ratio between
an outside radius R1 of the claw-shaped magnetic poles
123 and 124 and an outside radius R2 of the cylindrical
portion 200 between 0.54 and 0.60, thereby increasing
the cross-sectional area of the magnetic path through
the cylindrical portion 200.

[0013] However, in the case of this alternator, the fig-
ures are set with the aim of improving the output of the
alternator per unit weight, and one problem has been that
output decreases at low-speed rotation due to magnetic
saturation.

[0014] Furthermore, by increasing the area of the disk
portions 201 and 202 facing the stator core 115, thereby
increasing the amount of overlap, the cross-sectional ar-
ea of passages through valley portions 410 between the
claw-shaped magnetic poles 123 and 124, which are pas-
sages for cooling ventilation, is reduced, increasing re-
sistance to ventilation flow inside the rotor 107, and an-
other problem has been that when a large field current |
flows through the rotor coil 13, the cooling of the rotor
coil 13 has been insufficient, increasing the resistance
of the conductors in the rotor coil 13 and reducing the
field current |, thereby preventing output from being in-
creased.

SUMMARY OF THE INVENTION

[0015] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an alternator enabling the magnetic flux to be in-
creased by increasing the cross-sectional area of the
magnetic path, and also enabling output to be improved
by reducing copper loss in the rotor coil.

[0016] To this end, according to the present invention,
there is provided an alternator being such that a ratio
(L2/L1) between an axial length L1 of disk portions and
a length L2 of a stator core overlapping the disk portions
in a radial direction is 0.3 or more, and a ratio (R2/R1)
between an outside radius R1 of claw-shaped magnetic
poles and an outside radius R2 of a cylindrical portion is
within a range of 0.50 to 0.54.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]
Figure 1is a cross section of an automotive alternator
according to Embodiment 1 of the present invention;

Figure 2 is a perspective of a rotor in Figure 1;
Figure 3 is a perspective of a stator in Figure 1;
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Figure 4 is winding diagram for the stator in Figure 1;
Figure 5 is a circuit diagram for the automotive alter-
nator in Figure 1;

Figure 6 is a diagram showing a stator winding of
the automotive alternator in Figure 1 during manu-
facture;

Figure 7 is a diagram showing a stator winding of
the automotive alternator in Figure 1 during manu-
facture;

Figures 8 (a) and 8 (b) are an end elevation and a
plan, respectively, showing a winding assembly con-
stituting part of a stator winding of the automotive
alternator in Figure 1;

Figures 9 (a) and 9 (b) are an end elevation and a
plan, respectively, showing a winding assembly con-
stituting part of a stator winding of the automotive
alternator in Figure 1;

Figure 10 is a perspective showing part of a conduc-
tor constituting part of a stator winding of the auto-
motive alternator in Figure 1;

Figure 11 is a diagram explaining arrangement of
the conductors constituting part of a stator winding
of the automotive alternator in Figure 1;

Figures 12 (a) and 12 (b) are a side elevation and a
rear plan, respectively, explaining the construction
of a stator core of the automotive alternator in Figure
1;

Figures 13 (a) to 13 (c) are cross sections explaining
the manufacturing process for the stator of the au-
tomotive alternator in Figure 1;

Figure 14 is a plan showing stator windings of the
automotive alternatorin Figure 1 mountedinto a lam-
inated body;

Figure 15 is a cross section of the stator of the au-
tomotive alternator in Figure 1;

Figure 16 is a diagram explaining the positional re-
lationship between the stator core and a pole core
in Figure 1;

Figure 17 is a graph of the relationship between the
lap ratio and magnetic flux, field current flowing
through a rotor coil, and output, at 2000 rpm;
Figure 18 is a graph of the relationship between a
ratio (R2/R1) between an outside radius R1 of claw-
shaped magnetic poles and an outside radius R2 of
a cylindrical portion and magnetic flux o¢;

Figure 19 (a) is a perspective of a stator according
to Embodiment 2 of the present invention;

Figure 19 (b) is a partial cross section of an automo-
tive alternator according to Embodiment 2 of the
present invention;

Figure 20 is a cross section of a conventional auto-
motive alternator;

Figure 21 is a perspective of a rotor in Figure 20;
Figure 22 is a perspective of a stator in Figure 20;
Figure 23 is perspective of a stator core in Figure 22;
Figure 24 is partial end elevation of the stator core
in Figure 22; and

Figure 25 is a diagram explaining the positional re-
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lationship between the stator core and a pole core
in the conventional automotive alternator.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

Embodiment 1

[0018] Figure 1 is a cross section of an automotive
alternator according to Embodiment 1 of the present in-
vention, Figure 2 is a perspective of a rotor of the auto-
motive alternator in Figure 1, Figure 3 is a perspective
of a stator in Figure 1, Figure 4 is winding diagram for
the stator in Figure 1, and Figure 5 is an electrical circuit
diagram for the alternator in Figure 1. Moreover, the out-
putwires and neutral-pointlead wires of each phase have
been omitted from Figure 3.

[0019] This alternator includes: a case 3 composed of
an aluminum front bracket 1 and an aluminum rear brack-
et 2; a shaft 6 disposed within the case 3 having a pulley
4 secured to a first end thereof; a Lundell-type rotor 7
secured to the shaft 6; a first fan 5a and a second fan 5b
secured to both axial end surfaces of the rotor 7; a stator
8 secured to an inner wall of the case 3; slip rings 9 se-
cured to a second end of the shaft 6 for supplying electric
current to the rotor 7; a pair of brushes 10 sliding on the
slip rings 9; brush holders 11 accommodating the brush-
es 10; rectifiers 12 electrically connected to the stator 8
for converting alternating current generated in the stator
8 into direct current; a heat sink 17 fitted over the brush
holder 11; and a regulator 18 fastened to the heat sink
17 by adhesive for adjusting the magnitude of the alter-
nating voltage generated in the stator 8. An axial length
of the stator 8 is shorter than an axial length of the rotor
7. Radial dimensions of the second fan 5b at a rear end
are larger than radial dimensions of the first fan 5a at a
front end.

[0020] Therotor7includesarotor coil 13 forgenerating
magnetic flux on passage of electric current, and a pole
core disposed so as to cover the rotor coil 13, magnetic
poles being produced in the pole core by the magnetic
flux. The pole core includes a pair of pole core portions
20 and 21. The pole core, which is made of iron and
secured to the shaft 6, includes a cylindrical portion 300
onto which the rotor coil 13 is wound, disk portions 301
and 302 extending radially from both axial end portions
of the cylindrical portion 300, and sixteen claw-shaped
magnetic poles 22 and 23 extending axially eight-apiece
from the disk portions 301 and 302. The claw-shaped
magnetic poles 22 and 23 cover the rotor coil 13, facing
each other at even pitch circumferentially so as to in-
termesh. Furthermore, a resin 400, which is a varnish
having high thermal conductivity, is applied to an outer
circumferential surface of the rotor coil 13 and between
the rotor coil 13 and the disk portions 301 and 302.
[0021] The stator 8 includes: a cylindrical stator core
15 composed of a laminated core formed with a number
of slots 15a extending axially at a predetermined pitch in
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a circumferential direction; a stator winding 16 wound
onto the stator core 15; and insulators 19 installed in each
of the slots 15a for electrically insulating the stator wind-
ing 16 from the stator core 15. The stator winding 16,
which includes two sets of winding assemblies 90A and
90B, includes a number of winding sub-portions in each
of which one conductor 30 is bent back outside the slots
15a at end surfaces of the stator core 15 and wound into
awave winding so as to alternately occupy an inner layer
and an outer layer in a slot depth direction within slots
15a a predetermined number of slots apart.

[0022] The stator winding 16 has a front-end coil end
16a and a rear-end coil end 16b which protrude from their
respective axial end surfaces of the stator core 15. The
coil ends 16a and 16b are composed of a number of
extended portions 30a which are heat dissipating por-
tions. The extended portions 30a, which all have an iden-
tical shape, are separated circumferentially and radially,
and arranged neatly in two rows.

[0023] Moreover, in this case, the stator core 15 is
formed with ninety-six slots 15a at even pitch so as to
house the two sets of stator windings 16 such that the
number of slots housing each phase of the alternating-
current windings corresponds to the number of magnetic
poles (sixteen)in the rotor 7. Furthermore, long, insulated
copper wire material having a rectangular cross section,
for example, is used for the conductors 30.

[0024] Next, the winding construction of one phase of
stator winding group 161 will be explained in detail with
reference to Figure 4.

[0025] One phase of stator winding group 161 is com-
posed of first to fourth winding sub-portions 31 to 34 each
formed from one conductor 30. The first winding sub-
portion 31 is formed by wave winding one conductor 30
into every sixth slot from slot numbers 1 to 91 so as to
alternately occupy a first position from an outer circum-
ferential side and a second position from the outer cir-
cumferential side inside the slots 15a. The second wind-
ing sub-portion 32 is formed by wave winding a conductor
30 into every sixth slot from slot numbers 1 to 91 so as
to alternately occupy the second position from the outer
circumferential side and the first position from the outer
circumferential side inside the slots 15a. The third wind-
ing sub-portion 33 is formed by wave winding a conductor
30 into every sixth slot from slot numbers 1 to 91 so as
to alternately occupy a third position from the outer cir-
cumferential side and a fourth position from the outer
circumferential side inside the slots 15a. The fourth wind-
ing sub-portion 34 is formed by wave winding a conductor
30 into every sixth slot from slot numbers 1 to 91 so as
to alternately occupy the fourth position from the outer
circumferential side and the third position from the outer
circumferential side inside the slots 15a. The conductors
30 are arranged to line up in a row of four conductors
within each slot 15a with the longitudinal direction of their
rectangular cross sections aligned in a radial direction.
[0026] Then, at a first end of the stator core 15, a first
end portion 31 a of the first winding sub-portion 31 ex-
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tending outwards from slot number 1 and a second end
portion 33b of the third winding sub-portion 33 extending
outwards from slot number 91 are joined, and in addition,
afirst end portion 33a of the third winding sub-portion 33
extending outwards from slot number 1 and a second
end portion 31 b of the first winding sub-portion 31 ex-
tending outwards from slot number 91 are joined to form
a winding portion having two turns.

[0027] Atasecond end of the stator core 15, afirstend
portion 32a of the second winding sub-portion 32 extend-
ing outwards from slot number 1 and a second end por-
tion 34b of the fourth winding sub-portion 34 extending
outwards from slot number 91 are joined, and in addition,
a first end portion 34a of the fourth winding sub-portion
34 extending outwards from slot number 1 and a second
end portion 32b of the second winding sub-portion 32
extending outwards from slot number 91 are joined to
form a winding portion having two turns.

[0028] In addition, a portion of the conductor 30 of the
second winding sub-portion 32 extending outwards at
the first end of the stator core 15 from slot numbers 61
and 67 is cut, and a portion of the conductor 30 of the
first winding sub-portion 31 extending outwards at the
first end of the stator core 15 from slot numbers 67 and
73 is also cut. A first cut end 31 ¢ of the first winding sub-
portion 31 and a first cut end 32c of the second winding
sub-portion 32 are joined to form one phase of stator
winding group 161 having four turns connecting the first
to fourth winding sub-portions 31 to 34 in series.

[0029] Moreover, the joint portion between the first cut
end 31 c of the first winding sub-portion 31 and the first
cut end 32c of the second winding sub-portion 32 be-
comes a bridging connection connecting portion, and a
second cut end 31 d of the first winding sub-portion 31
and a second cut end 32d of the second winding sub-
portion 32 become an output wire (O) and a neutral-point
lead wire (N), respectively.

[0030] A total of six phases of stator winding groups
161 are similarly formed by offsetting the slots 15a into
which the conductors 30 are wound one slot at a time.
Then, as shown in Figure 5, three phases each of the
stator winding groups 161 are connected into star con-
nections to form the two sets of three-phase stator wind-
ing portions 160, and each of the three-phase statorwind-
ing portions 160 is connected to its own rectifier 12. The
rectifiers 12 are connected in parallel so that the direct-
current output from each is combined.

[0031] Next, the assembly of the stator 8 will be ex-
plained with reference to Figures 6 to 15.

[0032] First, as shown in Figure 6, twelve conductors
30 are simultaneously bent in the same plane to form a
lightning-bolt shape. Then, the winding assembly 90A
shown in Figure 8 is prepared by progressively folding
the conductors at right angles, as indicated by the arrow
in Figure 7, using a jig. In addition, the winding assembly
90B which has bridging connections and output wires as
shown in Figure 9 is prepared in the same manner.
[0033] Moreover, as shownin Figure 10, each conduc-
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tor 30 is formed by bending it into a planar pattern in
which straight portions 30b connected by extending por-
tions 30a are lined up at a pitch of six slots (6P). Adjacent
straight portions 30b are offset by a distance equal to
one width (W) of the conductors 30 by means of the ex-
tending portions 30a. The winding assemblies 90A and
90B are constructed by arranging six conductor pairs so
as to be offset by a pitch of one slot from each other,
each conductor pair consisting of two conductors 30
formed in the above pattern which are offset by a pitch
of six slots and arranged such that straight portions 30b
overlap as shown in Figure 11. Six end portions of the
conductors 30 each extend outwards from first and sec-
ond sides at first and second ends of the winding assem-
blies 90A and 90B. Furthermore, the extending portions
30a are arranged so as to line up in rows on first and
second side portions of the winding assemblies 90A and
90B.

[0034] Next, the winding assemblies 90A and 90B are
annealed forten minutes at 300°C so that the belt-shaped
winding assemblies 90A and 90B can be easily formed
into an annular shape.

[0035] Meanwhile, the parallelepiped laminated body
36 is prepared as shown in Figures 12 (a) and 12 (b) by
laminating a predetermined number of sheets of SPCC
material formed with trapezoidal slots 36a at a predeter-
mined pitch (an electrical angle of 30°) and laser welding
an outer portion thereof.

[0036] As showninFigure 13 (a), the insulators 19 are
mounted in the slots 36a of the parallelepiped laminated
body 36, and the straight portions of the two winding as-
semblies 90A and 90B are inserted so as to stack up
within each of the slots. In this manner, the two winding
assemblies 90A and 90B are installed in the parallelepi-
ped laminated body 36 as shown in Figure 13 (b). At this
time, straight portions 30b of the conductors 30 are
housed in lines of four in a radial direction within the slots
36a and are electrically insulated from the parallelepiped
laminated body 36 by the insulators 19. Furthermore, as
shown in Figure 14, the two winding assemblies 90A and
90B are installed in the laminated body 36 so as to stack
up one on top of the other.

[0037] Next, the laminated body 36 is rolled up and its
end surfaces abutted and welded to each other to obtain
a stator core 15. At this time, as shown in Figure 13 (c),
the slots 36a (corresponding to the slots 15a in the stator
core) take on a generally rectangular cross-sectional
shape, and opening portions 36b of the slots 36a (corre-
sponding to opening portions 15b of the slots 15a) be-
come smaller than the slot-width dimensions of the
straight portions 30b. Then, the end portions of each of
the conductors 30 are connected to each other based on
the connections shown in Figure 4 to form the stator wind-
ing group 16 and obtain the stator 8 shown in Figure 15.
[0038] In the automotive alternator constructed in this
manner, electric current is supplied from a battery (not
shown) through the brushes 10 and the slip rings 9 to the
rotor coil 13, generating magnetic flux. The claw-shaped
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magnetic poles 22 of the first pole core 20 are magnetized
with north-seeking (N) poles by this magnetic flux, and
the claw-shaped magnetic poles 23 of the first pole core
21 are magnetized with south-seeking (S) poles. At the
same time, rotational torque from the engine is transmit-
ted through the belt and the pulley 4 to the shaft 6, rotating
the rotor 7. Thus, a rotating magnetic field is applied to
the polyphase stator winding 16, generating electromo-
tive force in the polyphase stator winding 16. This alter-
nating electromotive force passes through the rectifiers
12 and is converted into direct current, the magnitude of
the currentis adjusted by the regulator 18, and the battery
is recharged.

[0039] Atthe rear end, external air is drawn in through
the air intake vents 2a disposed opposite the heat sinks
of the rectifiers 12 and the heat sink 17 of the regulator
18, respectively, by rotation of the second fan 5b, flowing
along the axis of the shaft 6, cooling the rectifiers 12 and
the regulator 18, and is then deflected centrifugally by
the second fan 5b, cooling the rear-end coil end 16b of
the polyphase stator winding 16 before being expelled
to the outside through the air discharge vents 2b.
[0040] At the same time, at the front end, external air
is drawn in axially through the air intake vents 1a by ro-
tation of the firstfan 5a, and is then deflected centrifugally
by the first fan 5a, cooling the front-end coil end 16a of
the polyphase stator winding 16 before being expelled
to the outside through the air discharge vents 1 b.
[0041] Because the second fan 5b, whose radial di-
mensions are larger than the first fan 5a secured to the
disk portion 301, is mounted to the disk portion 302 of
the rotor 7, pressure within the case 3 is lower at the rear
end of the rotor 7 than at the front end. For that reason,
cooling ventilation flows from the front end to the rear
end through a space between the rotor 7 and the stator
8, cooling the rotor 7 and the stator 8 more efficiently.
[0042] Moreover,inthisembodiment, because the rec-
tifiers 12, the brush holder 11, the regulator 18, etc, are
disposed at the rear end between the air intake vents 2a
and the air discharge vents 1 b and wind resistance is
greater than at the front end, even if a first fan and a
second fan having the same radial dimensions were
mounted to the two disk portions 301 and 302 of the rotor
7, pressure within the case 3 would still be lower at the
rear end of the rotor 7 than at the front end, and cooling
ventilation would flow from the front end to the rear end
through the space between the rotor 7 and the stator 8,
cooling the rotor 7.

[0043] Because the resin 400, which is a varnish hav-
ing high thermal conductivity, is applied to an outer cir-
cumferential surface of the rotor coil 13 and between the
rotor coil 13 and the disk portions 301 and 302, cooling
of the rotor coil 13 is improved by the thermal conductivity
of the resin 400, suppressing decreases in the field cur-
rent due to copper loss.

[0044] Now, as shown in Figure 16, the automotive
alternator of the above construction is constructed such
that the lap ratio (L2/L1) between the axial length L1 of
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the disk portions 301 and 302 and the axial length L2 of
the stator core 15 radially overlapping the disk portions
301 and 302 is 0.3 or greater. For that reason, in addition
to the magnetic flux which flows from the claw-shaped
magnetic poles 22 and 23, magnetic flux also flows di-
rectly from the disk portions 301 and 302 to the stator
core 15, increasing the cross-sectional area of the mag-
netic path and thereby increasing the amount of magnetic
flux crossing the stator winding 16.

[0045] Figure 17 is a graph of experimental results ob-
tained by the present inventors showing the relationship
between the lap ratio and magnetic flux, field current |
flowing through a rotor coil, and output, at 2000 rpm,
which is low-speed rotation having important character-
istics. From this graph, it can also be seen that as the lap
ratio increases, the cross-sectional area of the magnetic
path increases, magnetic resistance decreases, and the
amount of magnetic flux ¢ increases. Furthermore, it can
be seen that the field current | begins to decrease from
a peak at a certain value because the cross-sectional
area of passages through valley portions 401 between
the claw-shaped magnetic poles 22 and 23, which are
passages for cooling ventilation for the rotor 7, is reduced
as the lap ratio is increased, reducing the amount of cool-
ing air flowing inside the rotor 7, and the temperature of
the rotor coil 13 therefore rises due to copper loss in the
rotor coil 13 and resistance is increased. Consequently,
since the increase in output resulting from the increase
in magnetic flux is eventually cancelled by the reduction
in magnetomotive force due to the reduced field current,
the output becomes saturated at a peak when the lap
ratio (L2/L1) is increased to 0.3.

[0046] Figure 18 is a graph of experimental results ob-
tained by the present inventors showing the relationship
between a ratio (R2/R1) between an outside radius R1
of the claw-shaped magnetic poles 22 and 23 and an
outside radius R2 of a cylindrical portion, magnetic flux
¢, and magnetomotive force AT, when the lap ratio is 0.3
for example. The relationships are shown for three types
of magnetomotive force AT as the parameters, namely,
when the diameter D of the conductors in the rotor coil
13 is 0.9 mm, 0.95 mm, and 1.00 mm within the range
of 1200 to 2000 AT, which is the range of magnetomotive
force normally used. It can be seen from the graph that
stable high output is achieved when the ratio (R2/R1) is
in the range of 0.50 to 0.54.

[0047] Because the coil ends 16a and 16b are con-
structed such that the extended portions 30a, which all
have the same shape, are separated circumferentially
and radially from each other, and arranged neatly in two
rows, the flow of cooling ventilation inside the rotor 7 is
not hindered. The coil ends 16a and 16b are uniformly
cooled around the entire circumference and wind resist-
ance is low, improving the cooling of the coil ends 16a
and 16b and also reducing wind noise. Furthermore, ir-
regularities in the end surfaces of the coil ends 16a and
16b are reduced, increasing space efficiency.

[0048] Moreover, because this automotive alternator



11 EP 1 124 308 B1 12

has three phases, sixteen poles, and the number of slots
in the 15a in the stator core 15 is ninety-six, making the
number of slots in the stator core 15 two per pole per
phase, the number of slots is increased, increasing the
number of extended portions 30a in the coil ends 16a
and 16b proportionately, and because the surface area
of the coil ends 16a and 16b contacting the outside air
is increased, cooling of the coil ends 16a and 16b is im-
proved and temperature increases in the stator winding
16 are suppressed, further contributing to improved out-
put.

Embodiment 2

[0049] Figure 19 (a) is a perspective of a stator 8 of an
automotive alternator according to Embodiment 2 of the
presentinvention. The coil ends 16a and 16b of the stator
8 are integrally molded in a resin 25 having high thermal
conductivity. The resin 25 is a mixture of epoxy resin
(principal component) having a thermal conductivity of
0.5 (W/mk) and alumina having a thermal conductivity of
3.5 (W/mK) in a ratio of one to four (1 : 4). Moreover, the
output wires and neutral-point lead wires of each phase
have been omitted from the drawing.

[0050] In this embodiment, because the surfaces of
the coil ends 16a and 16b are made smooth by the resin
25, cooling ventilation flows smoothly around inside the
rotor 7 without interference from the coil ends 16a and
16b, improving the cooling of the rotor 7. Furthermore,
because the temperature distribution in the coil ends 16a
and 16b is made uniform, temperature increases in the
stator winding 16 can be suppressed.

[0051] As shown in Figure 19 (b), because an overall
axial length of the stator 8 is smaller than an overall axial
length of the pole cores of the rotor 7, cooling ventilation
flowing centrifugally from the first fan 5a and the second
fan 5b flows smoothly without colliding directly with the
resin 25 covering the coil ends 16a and 16b, improving
the cooling of the stator 8 and the rotor 7.

[0052] Moreover, in the stator winding 16 of the above
embodiments, conductors 30 are wound continuously so
as to alternately occupy an inner layer and an outer layer
in a slot depth direction within slots a predetermined
number of slots apart, and the extended portions 30a in
the coil ends 16a and 16b are separated circumferentially
and radially from each other, and arranged neatly in two
rows, but naturally the present invention is not limited to
this configuration. For example, extended portions which
are stacked in two layers axially may also be arranged
circumferentially.

[0053] The above embodiments were explained for a
three-phase winding 16 in which there were four turns of
conductors 30, but when high output is required at even
lower speeds, the number of turns of conductors may be
made six turns or eight turns, for example, or the extend-
ed portions of the coil ends may be arranged in three
rows or four rows circumferentially.

[0054] Ineach of the above embodiments, the number
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of slots in the stator was ninety-six slots for sixteen mag-
netic poles, but three phases and seventy-two slots for
twelve magnetic poles, 120 slots for twenty poles, etc.,
may also be adopted.

[0055] As explained above, an alternator according to
one aspect of the present invention comprises:

arotorfor forming north-seeking (N) and south-seek-
ing (S) poles alternately about a rotational circum-
ference; and

a stator surrounding the rotor,

the rotor including:

a rotor coil for generating magnetic flux on pas-
sage of electric current; and
a pole core comprising:

a cylindrical portion onto which the rotor coil
is wound;

disk portions extending radially from both
axial end portions of the cylindrical portion;
and

a number of claw-shaped magnetic poles
extending axially from the disk portions and
covering the rotor coil, the claw-shaped
magnetic poles being magnetized with the
north-seeking (N) and south-seeking (S)
poles by the magnetic flux, and

the stator including:

a stator core provided with a number of slots
formed so as to extend axially and to be
spaced circumferentially; and

a stator winding installed in the stator core,
a ratio (L2/L1) between an axial length L1
of the disk portions and a length L2 of the
stator core overlapping the disk portions in
a radial direction being 0.3 or more, and

a ratio (R2/R1) between an outside radius
R1 of the claw-shaped magnetic poles and
an outside radius R2 of the cylindrical por-
tion being within a range of 0.50 to 0.54.

[0056] Therefore, inadditionto the magnetic flux which
flows from the claw-shaped magnetic poles, magnetic
flux also flows directly from the disk portions to the stator
core, increasing the cross-sectional area of the magnetic
path and increasing the amount of magnetic flux, and
copper loss in the rotor coil is also reduced, improving
output.

[0057] According to one form of the alternator, a first
fan and a second fan having different shapes from each
other may be mounted to the disk portions of the rotor
such that cooling ventilation flows between the rotor and
the stator due to a difference in air pressure arising due
to rotation of the first fan and the second fan.

[0058] Therefore, the rotor coil is actively cooled, en-
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abling the suppression of reductions in the field current
due to copper loss.

[0059] According to another form of the alternator, a
first fan and a second fan having substantially the same
shape as each other may be mounted to the disk portions
of the rotor such that cooling ventilation flows between
the rotor and the stator due to a difference in air pressure
arising due to a difference in wind resistance on respec-
tive intake sides of the first fan and the second fan.
[0060] Therefore, the rotor coil is actively cooled, en-
abling the suppression of reductions in the field current
due to copper loss.

[0061] According to still another form of the alternator,
aresin having high thermal conductivity may be disposed
in at least one position selected from:

an outer circumferential surface of the rotor coil; and
a space between the rotor coil and the disk portions.

[0062] Therefore, cooling of the rotor coil is improved
by the thermal conductivity of the resin, enabling the sup-
pression of reductions in the field current due to copper
loss.

[0063] According to still another form of the alternator,
the stator winding may be provided with a number of sta-
tor winding portions in which conductors are wound con-
tinuously so as to alternately occupy an inner layer and
an outer layer in a slot depth direction within the slots at
intervals of a predetermined number of slots, the con-
ductors folding back outside the slots at axial end sur-
faces of the stator core to form coil ends which are com-
posed of extended portions lined up circumferentially.
[0064] Therefore, neatness in the coil ends becomes
possible, improving the cooling of the rotor without hin-
dering the flow of cooling ventilation inside the rotor. Fur-
thermore, cooling of the coil ends is improved, enabling
the suppression of high increases in the stator winding.
[0065] According to still another form of the alternator,
aresin having high thermal conductivity may be disposed
in the coil ends.

[0066] Therefore, cooling of the coil ends is improved,
enabling the suppression of high increases in the stator
winding.

[0067] According to still another form of the alternator,
an overall axial length of the stator may be less than an
overall axial length of said pole core of the rotor.

[0068] Therefore, ventilation from the fans flows
smoothly without being hindered by the coil ends, for ex-
ample, improving the cooling of the stator and the rotor.

Claims
1. An alternator comprising:
a Lundell-type rotor (7) forming north seeking

(N) and south-seeking (S) poles alternately
about a rotational circumference, and
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a stator (8) surrounding said rotor (7),
said rotor (7) including:

a rotor coil (13) for generating magnetic flux
on passage of electric current; and
a pole core comprising:

a cylindrical portion (300) onto which
said rotor coil (13) is wound;

disk portions (301,302) extending radi-
ally from both axial end portions of said
cylindrical portion (300); and

a number of claw-shaped magnetic
poles (22,23) extending axially from
said disk portions (301,302) and cover-
ing said rotor coil (13), said claw-
shaped magnetic poles (22,23) being
magnetized with said north-seeking (N)
and south-seeking (S) poles by said
magnetic flux, and

said stator (8) including :

a stator core (15) provided with a
number of slots (15a) formed so as
to extend axially and to be spaced
circumferentially; and

a stator winding (16) installed in
said stator core (15) character-
ised in that,

a ratio (L2/L1) between an axial
length L1 of said disk portions
(301,302) and a length L2, defined
as the axial length of the overlap
between said stator core (15) and
said disk portions (301,302), being
0.3 or more, and

a ratio (R2/R1) between the radial
distance R1 from the rotor axis to
the outermost circumferential sur-
face of said claw-shaped magnetic
poles (22,23) and the outside radi-
us R2 of said cylindrical portion
(300) being within a range of 0.50
and 0.54.

The alternator according to Claim 1 wherein a first
fan (5a) and a second fan (5b) having different
shapes from each other are mounted to said disk
portions (301,302) of said rotor (7) such that cooling
ventilation flows between said rotor (7) and said sta-
tor (8) due to a difference in air pressure arising due
to rotation of said first fan (5a) and said second fan
(5b).

The alternator according to Claim 1 wherein a first
fan (5a) and a second fan (5b) having substantially
the same shape as each other are mounted to said
disk portions (301,302) of said rotor (7) such that
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cooling ventilation flows between said rotor (7) and
said stator (8) due to a difference in air pressure aris-
ing due to rotation of said first fan (5a) and said sec-
ond fan (5b).

The alternator according to Claim 1 wherein a resin
(400) having high thermal conductivity is disposed
in at least one position selected from:

an outer circumferential surface of said rotor coil
(13), and

a space between said rotor coil (13) and said
disk portions (301,302).

The alternator according to Claim 1 wherein said sta-
tor winding (16) is provided with a number of stator
winding portions (31-34) in which conductors (30)
are wound continuously so as to alternatively occupy
an inner layer and an outer layer in a slot depth di-
rection within said slots (15a) of intervals of a pre-
determined number of slots (15a), said conductors
folding back outside said slots at axial end surfaces
of said stator core (15) to form coil ends (16a,16b)
which are composed of extended portions lined up
circumferentially.

The alternator of Claim 5 wherein a resin (25) having
high thermal conductivity is disposed in said coil
ends (16a,16b).

The alternator of Claim 5 wherein an overall axial
length of said stator (8) is less than an overall axial
length of said pole core of said rotor (7).

Patentanspriiche

Lichtmaschine umfassend:

einen Lundell-Rotor (7), der abwechselnd um
einen Drehumfang herum einen Nord-suchen-
den (N) und Std-suchenden (S) Pol bildet, und
einen den Rotor (7) umgebenden Stator (8),

wobei der Rotor (7) aufweist:

eine Rotorspule (13) zur Erzeugung eines ma-
gnetischen Flusses beim Durchtritt eines elek-
trischen Stroms;

und

einen Polkern, umfassend:

einen zylindrischen Abschnitt (300), aufden
die Rotorspule (13) gewickelt ist;
Scheibenabschnitte (301, 302), die sich ra-
dial von beiden axialen Endabschnitten des
zylindrischen Abschnitts (300) erstrecken;
und
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eine Anzahlvon klauenférmigen Magnetpo-
len (22, 23), die sich axial von den Schei-
benabschnitten (301, 302) erstrecken und
die Rotorspule (13) abdecken, wobei die
klauenférmigen Magnetpole (22, 23) durch
den magnetischen Fluss mit dem Nord-su-
chenden (N) und Sud-suchenden (S) Pol
magnetisiert sind, und

wobei der Stator (8) aufweist:

einen Statorkern (15), der mit einer Anzahl von
Schlitzen (15a) versehen ist, die so gebildet
sind, dass sie sich axial erstrecken und in Um-
fangsrichtung beabstandet sind; und

eine Statorwicklung (16), die im Statorkern (15)
installiert ist,

dadurch gekennzeichnet, dass

ein Verhaltnis (L2/L1) zwischen einer axialen
Laénge (L1) der Scheibenabschnitte (301, 302)
und einer Lange (L2), die als die axiale Léange
der Uberlappung zwischen dem Statorkern (15)
und den Scheibenabschnitten (301, 302) defi-
niert ist, 0,3 oder mehr betragt, und

ein Verhaltnis (R2/R1) zwischen dem radialen
Abstand (R1) von der Rotorachse zur dufersten
Umfangsflache der klauenférmigen Magnetpole
(22, 23) und dem AuBRenradius (R2) des zylin-
drischen Abschnitts (300) sich in einem Bereich
von 0,50 und 0,54 befindet.

Lichtmaschine nach Anspruch 1, wobei ein erstes
Geblase (5a) und ein zweites Geblase (5b) mit von-
einander verschiedenen Formen an den Scheiben-
abschnitten (301, 302) des Rotors (7) angebracht
sind, so dass eine Kuhlbellftung zwischen dem Ro-
tor (7) und dem Stator (8) aufgrund eines Unter-
schieds im Luftdruck flieRt, der aufgrund der Dre-
hung des ersten Geblases (5a) und des zweiten Ge-
blases (5b) entsteht.

Lichtmaschine nach Anspruch 1, wobei ein erstes
Geblase (5a) und ein zweites Geblase (5b), die im
Wesentlichen dieselbe Form wie das jeweils andere
aufweisen, an den Scheibenabschnitten (301, 302)
des Rotors (7) angebracht sind, so dass eine Kiihl-
bellftung zwischen dem Rotor (7) und dem Stator
(8) aufgrund eines Unterschieds im Luftdruck flie3t,
der aufgrund der Drehung des ersten Geblases (5a)
und des zweiten Geblases (5b) entsteht.

Lichtmaschine nach Anspruch 1, wobei ein Harz
(400) mit einer hohen thermischen Leitfahigkeit in
mindestens einem Abschnitt angeordnetist, der aus-
gewahlt wird aus:

einer aulReren Umfangsflache, der Rotorspule
(13) und
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einem Raum zwischen der Rotorspule (13) und
den Scheibenabschnitten (301, 302).

Lichtmaschine nach Anspruch 1, wobei die Stator-
wicklung (16) mit einer Anzahl von Statorwicklungs-
abschnitten (31-34) verseheniist, in denen Leiter (30)
durchgehend gewickelt sind, so dass sie abwech-
selnd eine innere Schicht und eine duRere Schicht
in einer Richtung der Schlitztiefe in den Schlitzen
(15a) in Intervallen einer vorbestimmten Anzahl von
Schlitzen (15a) besetzen, wobei die Leiter auf3erhalb
der Schlitze an axialen Endflachen des Statorkerns
(15) zurlickgefaltet sind, um Spulenenden (16a, 16b)
zu bilden, die aus ausgedehnten und in Umfangs-
richtung aufgereihten Abschnitten bestehen.

Lichtmaschine nach Anspruch 5, wobei ein Harz (25)
mit einer hohen thermischen Leitfahigkeit in den
Spulenenden (16a, 16b) angeordnet ist.

Lichtmaschine nach Anspruch 5, wobei eine axiale
Gesamtlange des Stators (8) geringer als eine axiale
Gesamtlange des Polkerns der Rotors (7) ist.

Revendications

Alternateur, comprenant :

un rotor de type Lundell (7) formant alternative-
ment des pdles nord (N) et sud (S) autour d’'une
circonférence tournante, et

un stator (8) entourant ledit rotor (7) ;

ledit rotor (7) incluant :

une bobine rotorique (13) destinée a géné-
rer un flux magnétique au passage d'un
courant électrique ; et

un noyau polaire comprenant :

une partie cylindrique (300) surlaquelle
ladite bobine rotorique (13) est
enroulée ;

des parties de disque (301, 302) s’éten-
dant radialement a partir des deux par-
ties d’extrémité axiales de ladite partie
cylindrique (300) ; et

un certain nombre de péles magnéti-
ques en forme de griffes (22, 23) s’éten-
dant axialement a partir desdites par-
ties de disque (301, 302) et couvrant
ladite bobine rotorique (13), lesdits p6-
les magnétiques en forme de griffes
(22, 23) étant magnétisés avec lesdits
poles nord (N) et sud (S) par ledit flux
magnétique, et

ledit stator (8) incluant :
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un noyau statorique (15) pourvu
d’'un certain nombre d’encoches
(15a) formées de maniére a s’éten-
dre axialement et a étre circonfé-
rentiellement espacées ; et

un enroulement statorique (16)
installé dans ledit noyau statorique
(15),

caractérisé en ce qu’un rapport (L2/L1) entre une
longueur axiale L1 desdites parties de disque (301,
302) et une longueur L2 définie comme la longueur
axiale du chevauchement entre ledit noyau statori-
que (15) et lesdites parties de disque (301, 302) est
de 0,3 ou plus, et

un rapport (R2/R1) entre la distance radiale R1 de
I'axe du rotor a la surface circonférentielle le plus a
I'extérieur desdits pdles magnétiques en forme de
griffes (22, 23) et le rayon extérieur R2 de ladite par-
tie cylindrique (300) se situe dans un intervalle com-
pris entre 0,50 et 0,54.

Alternateur selon la revendication 1, dans lequel un
premier ventilateur (5a) et un second ventilateur (5b)
dont les formes différent 'une de I'autre sont montés
sur lesdites parties de disque (301, 302) dudit rotor
(7) de telle maniére qu’'une ventilation de refroidis-
sement circule entre ledit rotor (7) et ledit stator (8)
sous I'effet d’une différence de pression d’air provo-
quée par la rotation dudit premier ventilateur (5a) et
dudit second ventilateur (5b).

Alternateur selon la revendication 1, dans lequel un
premier ventilateur (5a) et un second ventilateur (5b)
dont les formes sont sensiblement identiques I'une
a l'autre sont montés sur lesdites parties de disque
(301, 302) dudit rotor (7) de telle maniére qu'une
ventilation de refroidissement circule entre ledit rotor
(7) et ledit stator (8) sous I'effet d’'une différence de
pression d’air provoquée par la rotation dudit premier
ventilateur (5a) et dudit second ventilateur (5b).

Alternateur selon larevendication 1, dans lequel une
résine (400), présentant une conductivité thermique
élevée, est disposée dans au moins une position sé-
lectionnée parmi :

une surface circonférentielle externe de ladite
bobine rotorique (13), et

un espace entre ladite bobine rotorique (13) et
lesdites parties de disque (301, 302).

Alternateur selon larevendication 1, dans lequel ledit
enroulement statorique (16) est pourvu d’un certain
nombre de parties d’enroulement statorique (31-34)
dans lesquelles des conducteurs (30) sont enroulés
continment de maniére a occuper alternativement
une couche interne et une couche externe suivant
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une direction de profondeur d’encoche au sein des
desdites encoches (15a), selon des intervalles d’'un
nombre prédéterminé d’encoches (15a), lesdits con-
ducteurs se repliant en arriére a I'extérieur desdites
encoches, a des surfaces d’extrémité axiale dudit
noyau statorique (15) afin de former des extrémités
de bobine (16a, 16b) qui se composent de parties
étendues circonférentiellement alignées.

Alternateur selon la revendication 5, dans lequel une
résine (25), présentant une conductivité thermique
élevée, est disposée dans lesdites extrémités de bo-
bine (16a, 16b).

Alternateur selon larevendication 5, dans lequel une
longueur axiale totale dudit stator (8) est inférieure
aune longueur axiale totale dudit noyau polaire dudit
rotor (7).
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FIG. 10
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FIG. 19(a)
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